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(54) INTAKE DEVICE OF INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the output in the accelerating 
speed range of an engine by communicating and connecting a resonance 
chamber for generating intake resonance with/to a surge tank or an 
intake passage positioned just upstream from the surge tank, and 
carrying out resonance supercharging to each cylinder. 
SOLUTION: An intake manifold 4 is provided with four branch pipes 6 in 
which an intake passage 8 for leading air to each cylinder of a four 
cylinder engine 1 inside, a space 12 inside, and a surge tank 10 for 
branching air into each intake pipe 6 integratedly. In this case, for 
example, hard resin resonator (a resonance device) 20 whose inner 
resonance chamber 22 is communicated with the space 1 2 of the surge 
tank 10, is connected to the other end of the surge tank 10 through a 
connecting member 30. The resonance frequency of the resonator 20 is 
set to synchronize with the frequency of pressure pulsation generated a 
prescribed engine speed, and thereby, resonance supercharging is 
carried out by the prescribed engine speed in the half of the intake 
stroke of each cylinder so as to improve the output of the engine. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the suction system of an internal 
combustion engine, and relates to the suction system using the resonance supercharge effect in detail 
[0002] 

[Related background technology] Inertia supercharging and resonance supercharge are known as a means for 
raising the inhalation-of-air effectiveness of an internal combustion engine, i.e., the volimietric efficiency of the 
inhalation of air inhaled by the combustion chamber, and raising an output torque. Inertia supercharging raises 
inhalation-of-air effectiveness by reflection of vibration of the inhalation of air generated within each 
independent inlet pipe of an inlet manifold based on the generating negative pressure by piston descent, and 
closing motion of an intake valve, and on the other hand, as resonance supercharge makes the vibration of an 
inhalation-of-air system based on the generating negative pressure by piston descent, and closing motion of an 
intake valve resonate by the whole inhalation-of-air system and ampHfies it in a multiple cylinder engine, it raises 
inhalation-of-air effectiveness. 

[0003] Usually, according to the capacity of an inhalation-of-air system, the resonating resonance frequency 
(resonant frequency) was naturally decided by resonance supercharge. He is trying to attach resonance equipment 
(resonator) in an inhalation-of-air system from this for the purpose of making resonance frequency in agreement 
with the vibration frequency of the inhalation-of-air system according to the rotational frequency of a desired 
internal combustion engine. For example, he is trying to attach this resonance eqmpment in an upstream intake 
pipe rather than a throttle body with the equipment indicated by JP,8-19885,B. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, in order to perform resonance supercharge suitably, it is 
good to make it bring close to the generation source of vibration of inhalation of air, i.e., an inlet manifold, if 
possible. However, with the equipment indicated by the above-mentioned official report, resonance equipment is 
attached in the upstream, i.e., the distant location estranged from the inlet manifold, rather than the throttle body. 
[0005] Thus, when resonance equipment is in a location distant from an inlet manifold, vibration of inhalation of 
air does not act on resonance equipment good, and the resonance wave to generate also has it. [ weak ] Even 
when it follows, for example, the rotational frequency of an intemal combustion engine is comparatively high and 
the vibration frequency of the inhalation of air to generate is large, it becomes impossible for resonance 
equipment to cause exact resonance because the vibration declines. Therefore, even if it is the case where he 
wants to enlarge especially the output torque in the medium-speed rotational frequency region where the 
rotational frequency of an intemal combustion engine is comparatively high, an output torque cannot be made to 
improve in the engine speed. 

[0006] In this case, when the intemal combustion engine is carried in vehicles although it becomes possible 
fitness and to be stabilized and to cause resonance even if the rotational frequency of an intemal combustion 
engine is high to some extent if capacity of resonance equipment is enlarged, an engine room will be enlarged 
superfluously that resonance equipment should be contained, and it is not realistic, furthermore, from the receipt 
ease for example, in an engine room, the above-mentioned intake pipe is manufactured by elastic material, such 
as resin and rubber material, in many cases, and a possibiHty that an intake pipe may absorb [ resonance 
equipment ] vibration of inhalation of air to an attachment **** case is in such an intake pipe. Therefore, in this 
case, a mesomeric effect is hardly acquired and it is not desirable. 

[0007] Moreover, when using improvement in an output torque as a drawing wax according to a mesomeric 
effect, although the rotational frequency region of an intemal combustion engine where the improvement in an 
output torque is attained will become settled with resonance frequency, it is made desirable [ making this 
rotational frequency region in agreement with the rotational frequency region regularly used at the time of 
acceleration of vehicles ]. Therefore, it becomes a technical problem in this case whether resonance frequency is 
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set up in the viewpoint which secures vehicles quality by making what kind of rotational frequency region into 
the rotational frequency region for acceleration. 

[0008] The place which this invention was made based on the situation mentioned above, and is made into the 
purpose is about the output in the rotational frequency region for acceleration of an internal combustion engine to 
offer the suction system of the internal combustion engine which can improve certainly. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in invention of claim 1 A surge 
tank formed between an inhalation-of-air path to which inhalation of air to an internal combustion engine is led, 
and said internal combustion engine and said inhalation-of-air path. An inlet manifold which connects between 
each gas column of said internal combustion engine, and said surge tanks. It connects with an inhalation-of-air 
path of said surge tank or said surge tank right above style through opening, has a resonant chamber which 
generates inhalation-of-air resonance, and is characterized by having resonance equipment which performs 
resonance supercharge in said each gas column. 

[0010] Therefore, resonance equipment resonates according to vibration of inhalation of air in a surge tank, the 
resonance supercharge effect is demonstrated, and inhalation-of-air effectiveness of each gas column of an 
intemal combustion engine improves. When an inlet manifold and a surge tank consist of materials which have 
high rigidity especially, it acts on resonance equipment good, without vibration of inhalation of air generated 
within a manifold decreasing almost. Thereby, even if it is vibration of few inhalation of air, the resonance 
supercharge effect is demonstrated good. 

[001 1] If rigidity of an inhalation-of-air path of the downstream containing this attachment section is also made 
high when attaching resonance equipment in an inhalation-of-air path side of a surge tank right above style, the 
too good resonance supercharge effect will be demonstrated. Furthermore, if rigidity of resonance equipment 
itself is made high, the better resonance supercharge effect will be demonstrated. Moreover, in invention of claim 
2, resonance frequency of said inhalation-of-air resonance is determined based on the cylinder part chief who 
connects an inhalation-of-air path of a opening size of said opening, capacity of said resonant chamber and said 
resonant chamber, said surge tank, or said surge tank right above style, and said resonance frequency is 
characterized by being set up so that it may be in agreement with vibration frequency of inhalation of air at the 
time of a specific rotational frequency region of said intemal combustion engine. 

[0012] Therefore, resonance frequency is made into vibration frequency of inhalation of air at the time of a 
specific rotational frequency region of an intemal combustion engine, and a setup of a opening size of opening, 
capacity of a resonant chamber, etc. is enabled good so that it may become this resonance frequency. Thereby, in 
a specific rotational frequency region, the resonance supercharge effect is demonstrated suitably, and an output 
torque increases. If it is when an intemal combustion engine is carried in vehicles, it is making a specific 
rotational frequency region into a medium-speed rotational frequency region, for example, and acceleration 
nature in a medium-speed region of vehicles improves. 

[0013] In addition, it is good preferably to constitute said intemal combustion engine from an injection mold 
gasoline intemal combustion engine in a cylinder. Thereby, since an octane value of a charge of cylinder intemal 
combustion in early stages of acceleration does not fall, a tooth-lead-angle setup of ignition timing in early stages 
of acceleration when wall surface temperature of a combustion chamber is low, and it is hard to generate 
knocking is enough enabled to the time of steady operation, an output torque of a low rotational frequency region 
is secured by this, and acceleration feeling of an injection mold gasoline intemal combustion engine in a cylinder 
improves remarkably conjointly with a resonance supercharge operation in the above-mentioned medium-speed 
rotational frequency region. 

[0014] Setting up a profile of a cam which makes an induction-exhaust valve (especially inlet valve) of an 
intemal combustion engine open and close otherwise as a means which raises an acceleration feeling, so that it 
may suit most in a low rotational frequency region is also considered. Also by this, an acceleration feeling 
improves good conjointly with a resonance supercharge operation in the above-mentioned medium-speed 
rotational frequency region. Moreover, in invention of claim 3, resonance frequency of said inhalation-of-air 
resonance is characterized by being set up so that it may be in agreement with vibration frequency of inhalation 
of air in a specific rotational frequency region from which it was filled and separated from a sound generating 
rotational frequency. 

[0015] therefore, unpleasant, while acceleration engine performance is markedly alike and improves by matching 
gear ratio etc. so that it may become a common use region at the time of acceleration operation about a resonance 
rotational frequency region - it is filled and increase of a sound is suppressed suitably. Moreover, in invention of 
claim 4, said intemal combustion engine is a four-cycle 4-cylinder engine, and it is characterized by a specific 
rotational frequency region of this engine being near the 3500 - 4000rpm. 

[0016] Therefore, if it is when an intemal combustion engine is in a rotational frequency region near the 3500 - 
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4OO0rpni, exertion of the resonance supercharge effect is enabled suitably and an internal combustion engine is 
carried in vehicles, the acceleration nature of a medium-speed region near [ where frequency where vehicles 
reach during acceleration transit is high ] the 3500 - 4000ipm improves. On the other hand, when an internal 
combustion engine is in a rotational frequency region low near the 3500 - 4000rpm, resonance equipment does 
not resonate. Thereby, an unpleasant thing which occur by vibration of inhalation of air in a low-speed rotation 
numerical range (2500rpm near [ In for example the case of a four-cycle 4-cylinder engine ]) and for which it is 
filled and a soimd is amplified is lost. 

[0017] Moreover, in invention of claim 5, said capacity is characterized by being set as the range of 1.5L or more 
and 6.01. or less. Therefore, without enlarging capacity of a resonant chamber, though it is compact, improvement 
in the resonance supercharge effect in a specific rotational frequency region of an internal combustion engine of 
resonance equipment is enabled. 

[0018] Moreover, in invention of claim 6, the opening of said opening is carried out circularly, and said opening 
size is characterized by being set as a range below a diameter of circle which has two thirds of area of the 
maximum cross sectional area of said surge tank with which a diameter of 30 millimeters or more and said 
opening are prepared according to said capacity, or said inhalation-of-air path. Therefore, even if it does not 
enlarge capacity of a resonant chamber and does not enlarge a opening size of a opening according to capacity of 
a resonant chamber, improvement in the resonance supercharge effect in a specific rotational frequency region of 
an internal combustion engine is enabled. 
[0019] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, the example as a gestalt of operation of 
this invention is explained to details. It is carried in vehicles, the upper Fig. of an internal combustion engine 1 
where the suction system concerning this invention is applied is shown in drawing 1 , and the configuration of the 
suction system of an engine 1 is hereafter explained to it based on this drawing. 

[0020] The engine 2 of an engine 1 is a four-cycle 4-cylinder gasoline engine with a displacement of 21. Although 
the injection mold gasoline engine in a cylinder of the method which injects a direct fiiel is applied in the gas 
column, it is not restricted to this, but if it is the engine which has the Taki cylinder, the engine which has what 
kind of fiiel-injection method can also be applied especially here. Moreover, also about displacement, it is not 
limited to 21. and the applicability is as wide as 1 to about 31. 

[0021] In the injection mold gasoline engine in a cylinder as shown in the example concerned, inhalation of air is 
made to be performed from the upper part to each gas column. Therefore, with this engine 1, the intake manifold 
(inlet manifold) 4 which performs inhalation of air in each gas coltmin is being connected and fixed to the upper 
part of an engine 2, This intake manifold 4 is metal, such as an aluminimi alloy, and has high rigidity. 
[0022] The intake manifold 4 consists of four branch pipes 6 with which the inhalation-of-air path 8 which leads 
air to each gas column was formed in the interior. And in this intake manifold 4, it has space 12 inside, and the 
surge tank 10 which carries out splitting of the air to each inlet pipe 6 is formed in one. The capacity of this space 
12 is set as the degree (for example, 0.81. - 2.31.) a little smaller than the displacement of an engine 1. 
[0023] The inlet pipe 14 prolonged in an air cleaner (not shown) through a throttle valve (not shown) is 
connected to the end of a surge tank 10. Thereby, air is supplied to each gas column through a surge tank 10 4, 
i.e., an intake manifold. On the other hand, the resonator (resonance equipment) 20 which the internal resonant 
chamber 22 opens for free passage with the space 12 of a surge tank 10 is connected to the other end of a sxirge 
tank 10. In detail, a resonator 20 is for example, a product made of rigid resin, and is connected to the other end 
of a surge tank 10 through the bond part material 30. 

[0024] Usually, the above-mentioned surge tank 10 has the fimction to stabilize inertia supercharging by the 
branch pipe 6, and has the fimction to align pressure pulsation of the pressure wave by the inhalation of air of 
each gas column with the resonant frequency fR of an inhalation-of-air system, i.e., a resonance frequency, good, 
and to demonstrate the resonance supercharge effect further. However, by forming a resonator 20 in an 
inhalation-of-air system as mentioned above, adjustable [ of the above-mentioned resonance frequency fR ] can 
be carried out, and, thereby, it is made possible to generate resonance supercharge suitably in the predetermined 
engine speed Nel. That is, by this predetermined engine speed Nel, if the resonance frequency flR of a resonator 
20 is set up so that it may align witii the frequency f of the pressure pulsation generated in the predetermined 
engine speed Nel, when each piston (not shown) of the intake-stroke second half 1 of each gas column, i.e., an 
engine, starts a rise and air is ****(ed) in a branch pipe 6, it will be supposed that it is possible to stop this 
****** suitably and to perform resonance supercharge. It is made possible to gather volumetric efficiency and to 
raise the output torque of an engine 1 by this. 

[0025] If the cross section which meets the A- A line in drawing 1 when drawing 2 is referred to is shown and 
drawing 3 is referred to, the cross section which meets the B-B line in drawing 2 will be shown, and the details of 
these drawing 2 and the resonator 20 applied to this invention based on 3 will be explained hereafter, clear from 
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drawing 2 — as - the resonator 20 interior — the above-mentioned resonant chamber 22 ~ formation - now, it is. 
Let this resonant chamber 22 be the closed space which carries out a opening only in the opening edge (opening) 
28 of a cylinder part 24. 

[0026] Moreover, in parts for both the connection of a surge tank 10 and a resonator 20, it considers as the 
condition that the opening edge (opening) 19 of the cylinder part 16 of a surge tank 10 and the above-mentioned 
opening edge 28 of the cylinder part 24 of a resonator 20 which have a circular opening have few crevices, and 
each other were compared so that clearly from drawing 3 . And the tube 30 which consists of rubber material 
which had comparatively high reinforcement in the cylinder part 16 and the cylinder part 24 is attached outside 
by the close condition. He is trying for this tube 30 not to separate easily by the projection 18 and projection 26 
which were formed in the cylinder part 16 and the cylinder part 24. Furthermore, at a tube 30, it is closed with a 
bolt 38, and the bands 36 and 36 of the pair which can adjust condition are attached outside corresponding to the 
cylinder part 16 and the cylinder part 24, respectively. Thereby, the tube 30 was bound tight by bands 36 and 36, 
the pressiu-e welding was carried out to the cylinder part 16 and the cylinder part 24, and it has connected the 
resonator 20 and the surge tank 10 firmly, having a buffer function to vibration of the resonator 20 when vehicles 
shake. 

[0027] By the way, the above-mentioned resonance frequency fR is computed, the resonance type (1), i.e., the 
degree type, of helmholtz. 

fR=aand05i-DR 2/4, and VR-LR) 1/2/2, andpi - (1) a is acoustic velocity here, DR is the diameter of a opening 
of the above-mentioned cylinder part 24 of a resonator 20 (refer to drawing 3 ), VR is the capacity of the above- 
mentioned resonant chamber 22, and LR is the length of a cylinder part 24 (refer to drawing 3 ). 
[0028] That is, the formula (1) concemed enables a setup of the above-mentioned resonance frequency fR freely 
by changing the capacity VR of the diameter DR of a opening of the cylinder part 24 of a resonator 20, and the 
above-mentioned resonant chamber 22, and length LR of a cylinder part 24. Here, he is trying for the resonance 
frequency fR of a resonator 20 to align and resonate in the frequency f (for example, 135Hz) of the pressure 
pulsation generated when an engine 1 is operated by the predetermined engine speed Nel (for example, 
4000rpm), and the above-mentioned diameter DR of a opening, capacity VR, and length LR are set up based on 
this resonance frequency fR. That is, the diameter DR of a opening, capacity VR, and length LR are set up so that 
volumetric efficiency may be raised the best in the predetermined engine speed Nel (for example, 4000rpm). By 
this, the output torque of the engine 1 in case an engine speed Ne is engine-speed Nel (for example, 4000rpm) 
predetermined near will improve suitably. In addition, especially the predetermined engine speed Nel is good to 
be set up in the range near the 3500 - 4000rpm (specific rotational frequency region) 3000 to 5000 rpm. 
[0029] Reference of drawing 4 shows the relation of the capacity VR of a resonator 20 and the rate of the 
improvement in an output torque in an engine speed Nel (for example, 4000rpm) as the continuous line, clear 
from this drawing — as ~ the range where capacity VR is larger than the predetermined capacity VR 1 (for 
example, 21.) — the rate of the improvement in an output torque — so much — not changing — abbreviation — it is 
supposed that it is fixed. Therefore, the above-mentioned capacity VR is made into the predetermined capacity 
VR 1 (for example, 21.) or more than it, and is usually set as about 21. here that a resonator 20 should be made 
small as much as possible from relation with the storage space of the engine room of vehicles. In addition, what is 
necessary is just to set up capacity VR according to the displacement of an engine 1, since the one where capacity 
VR is larger is stabilized by resonance supercharge. At this time, the minimum value of capacity VR is made into 
1.51., and maximvun is made into 61, in consideration of the magnitude of an engine room. 
[0030] Moreover, reference of drawing 5 shows the relation between the diameter DR of a opening of the 
cylinder part 24 of a resonator 20 in an engine speed Nel (for example, 4000rpm), and the rate of the 
improvement in an output torque as the continuous line. Like the case of the above-mentioned capacity VR, in the 
range where the diameter DR of a opening is larger than the diameter DRl (for example, 45nmi) of a 
predetermined opening, the rate of the improvement in an output torque does not change so much, but is 
abbreviation regularity. Therefore, let the above-mentioned diameter DR of a opening be for example, diameter 
DRof predetermined openingl (for example, 45mm) near here. However, this diameter DR of a opening changes 
according to capacity VR, and that minimum value is set to 30mm, and let maximum be the diameter of circle 
which has two thirds of the cross sections of the cross sectional area of a surge tank 10. 

[0031] In addition, it may not be restricted to a configuration as shown here, but as long as reservation of one or 
more predetermined capacity VR is possible for the configuration of a resonator 20, it may be what kind of 
configuration. By the way, the capacity VR of a surge tank 10 is about 1.8-3.01., and the diameter DR of a 
opening of the most desirable item range as a real example is about 35-50mm, 

[0032] Hereafter, an operation of the suction system constituted in this way is explained. If above-mentioned 
drawing 4 and 5 are referred to again, the alternate long and short dash line has shown the relation between the 
capacity VR at the time of attaching a resonator in the inlet pipe 14 by the side of the upstream, i.e., an air 
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cleaner, rather than a throttle valve like before, the rate of the improvement in an output torque, and the diameter 
DR of a opening and the rate of the improvement in an output torque, respectively. In the resonator 20 
(continuous line) of a configuration of it having been fixed to the engine 2 by abbreviation one like this invention, 
and having attached in the rigid high surge tank 10, it is made the capacity VR smaller than the resonator 
(alternate long and short dash line) of a configuration of having attached in the inlet pipe 14 of the upstream of a 
throttle valve estranged from the engine 2 like before, and the small diameter DR of a opening, and the good 
resonance supercharge effect is acquired so that clearly from these drawings. 

[0033] Therefore, it becomes possible by making a resonator 20 into the location near a surge tank 10, and 
attaching it in the rigid high surge tank 10 in this way, to make it a compact and to demonstrate the very good 
resonance supercharge effect. In addition, a resonator 20 may not necessarily be attached in a surge tank 10, or 
you may make it attach it in the inhalation-of-air path of the upstream of a surge tank 10. In this case, a resonator 
20 is attached in the downstream of a throttle valve, and, as for a fitting location and its downstream inhalation- 
of-air path, moreover, it is desirable to constitute with a high rigidity material like a surge tank 10. Furthermore, 
when the inhalation-of-air path of the throttle-valve upstream is continuously set as high rigidity with the 
inhalation«of air path of a surge tank 10 or the throttle-valve downstream, a resonator 20 may be formed in the 
inhalation-of-air path of the throttle-valve upstream of this high rigidity. 

[0034] Moreover, if drawing 6 is referred to, the relation between the engine speed Ne at the time of attaching the 
above-mentioned resonator 20 and an output torque is shown to a surge tank 10 by the continuous line, and the 
relation at the time of on the other hand attaching a resonator in the inlet pipe 14 of the upstream rather than a 
throttle valve like before is shown by the dashed line. According to this drawing, with the suction system 
concerned, when an engine speed Ne is engine-speed Nel (for example, 4000rpm) predetermined near (i.e., when 
vehicles are in a medium-speed region), it turns out that the output torque of an engine 1 is improving good. If it 
is when it seems that vehicles are accelerated in order to perform passing etc. by this when vehicles are medium- 
speed regions for example, it becomes possible to realize smooth acceleration transit. 

[0035] Moreover, when an engine speed Ne is high and vehicles are in a high-speed region, it combines with the 
mertia-supercharging effect mainly demonstrated, and let output-torque change to an engine speed Ne be a 
smooth curve, because the output torque of an engine 1 improves when vehicles are in a medium-speed region. 
Therefore, in the suction system concemed, implementation of very good drivability is enabled in the whole field 
of an engine speed Ne. 

[0036] By the way, before and behind a resonance frequency fR, it is usually in the orientation for pressure 
pulsation to decrease by the interferential action of a pressure wave. Therefore, in this drawing, when the field 
near [ which does not have the inertia-supercharging effect lower than the engine speed Nel (for example 
4000rpm) predetermined in an engine speed Ne ] the 2500rpm, i.e., vehicles, is located in a low-speed region, the 
output torque is declining a little. However, in such a low-speed region, the property of an engine 1 is set up so 
that output torque sufficient from the first may be obtained. Therefore, even if an output torque declines a little in 
this low-speed field, it is satisfactory in any way. 

[0037] Namely, if it is like this example when the injection mold gasoline engine in a cylinder is applied Since 
the fuel octane value in early stages of acceleration is not so low as port injection (an octane value falls 
transitionally since in port injection the low-boiling point component of a low octane value has priority in early 
stages of acceleration and a combustion chamber is supplied.) The tooth lead angle only of the part to which the 
ignition timing in early stages of acceleration when the wall surface temperature of a combustion chamber is low, 
and it is hard to generate knocking balances a low wall surface temperature is transitionally carried out to the 
time of steady operation, therefore the output torque at the time of low rotation is secured. Moreover, setting up 
the cam profile of the cam (not shown) for opening and closing the induction-exhaust valve of an engine 1 so that 
operation in a low rotation region may be suited most if it considers as a means to secure the output torque at the 
time of a low speed is also considered, and a setup of this cam profile is not restricted to the injection mold 
engine in a cylinder, but can be applied also to the usual port injection mold engine. 
[0038] On the contrary, although an engine speed Ne is in the orientation which it will be filled and the 
unpleasant noise with low frequency, such as a sound, will generate if resonance takes place [ near the 2500rpm ] 
If the engine speed Ne by which resonance supercharge is carried out is made to shift to engine-speed Nel (for 
example, 4000rpm) near like the suction system concemed and resonance near the 2500rpm is suppressed such — 
unpleasant — it is filled and becomes removable very suitably about a sound (about 80-90H2). 
[0039] He is trying to connect a resonator 20 to the rigid high surge tank 10 formed in the intake manifold 4 
connected to an engine 2 and abbreviation one in the suction system of this invention with the tube 30 which 
consists of elastic material of high rigidity too, as explained to details above. Therefore, resonance is generated 
good, without attenuating the pressure wave of the air in a resonator 20 and a surge tank 10, and positive pressure 
can be made to act on each branch pipe 6 proper by this resonance, and it becomes possible to demonstrate the 
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good resonance supercharge effect. 

[0040] This becomes able [ an engine speed Ne ] to carry out resonance supercharge suitably in the field (a 
specific rotational fi-equency region, i.e., the rotational fi-equency region for acceleration) of engine-speed Nel 
(for example, 4000rpm) predetermined near, when it is in a medium-speed region where vehicles usually 
accelerate passing etc. fi-equently during transit, good acceleration transit can be realized and drivability can be 
raised. 

[0041] Furthermore, by pulling up the engine speed Ne which performs resonance supercharge even to engine- 
speed Nel (for example, 4000rpm) predetermined near which is a medium-speed rotational fi-equency region, it is 
filled, a sound is removed suitably and the thing to depend on the resonance generated by resonance in a low- 
speed rotation numerical range (2500rpm near [ for example, ]) and for which the unpleasant noise is controlled 
also becomes possible. In addition, he is trying to form a resonator 20 in the suction system of the above- 
mentioned example for the purpose of raising the torque rise of the medium-speed rotational fi-equency region 
(for example, 3000 - SOOOrpm) of an engine 1, i.e., the injection mold gasoline engine in a cylinder. However, as 
other means, it sets up in order to carry out the medium-speed torque rise of the configuration of the above- 
mentioned cam profile or an intake manifold 4, and you may make it form a resonator 20 in order to aim at the 
torque rise of a low-speed region or a high-speed region for a specific rotational frequency region as a low-speed 
rotation numerical range (for example, -3000rpm) or a high-speed rotational frequency region (for example, 
SOOOrpm-). As for a specific rotational frequency region, at this time, it is desirable that it is the rotational 
frequency region which it is filled and a soimd does not generate. 
[0042] 

[Effect of the Invention] As mentioned above, as explained to details, according to the suction system of the 
internal combustion engine of claim 1 of this invention The surge tank formed between the inhalation-of-air path 
to which the inhalation of air to an intemal combustion engine is led, and an internal combustion engine and an 
inhalation-of-air path. The inlet manifold which connects between each gas column of an intemal combustion 
engine, and surge tanks. Since it had resonance equipment which is connected to a surge tank or an inhalation-of- 
air path through a opening, has the resonant chamber which generates inhalation-of-air resonance in a surge tank, 
and performs resonance supercharge in each gas colimm Although resonance equipment resonates according to 
vibration of the inhalation of air in a surge tank, the resonance supercharge effect is demonstrated and the 
inhalation-of-air effectiveness of each gas column of an intemal combustion engine improves resonance 
equipment - the surge tank near the manifold - rigidity - it can be made to act on resonance equipment good by 
having attached highly, without attenuating vibration of the inhalation of air generated within a manifold within a 
manifold or a surge tank Therefore, even if it is vibration of few inhalation of air, the resonance supercharge 
effect can be demonstrated good. 

[0043] According to the suction system of the intemal combustion engine of claim 2, moreover, the resonance 
frequency of inhalation-of-air resonance It is what is determined based on the cylinder part chief who connects 
the inhalation-of-air path of the opening size of a opening, the capacity of a resonant chamber and a resonant 
chamber, a surge tank, or a surge tank right above style. Resonance frequency Since it is set up so that it may be 
in agreement with the vibration frequency of the inhalation of air at the time of the specific rotational frequency 
region of an intemal combustion engine, in a specific rotational frequency region, the resonance supercharge 
effect is demonstrated suitably, and an output torque can be made to increase. Therefore, if it is when the intemal 
combustion engine is carried in vehicles, the acceleration nature in the specific rotational frequency region (for 
example, medium-speed rotational frequency region) of vehicles can be raised good, and an acceleration feeling 
can be raised. 

[0044] moreover, since it is set up so that it may be in agreement with the vibration frequency of the inhalation of 
air in the specific rotational frequency region from which it was filled and it separated from the sound generating 
rotational frequency, it is filled with the resonance frequency of inhalation-of-air resonance, can prevent it from 
making resonance equipment resonate in a sound generating rotational frequency region, and, according to the 
suction system of the intemal combustion engine of claim 3, it generates by vibration of inhalation of air — 
unpleasant - it is filled, amplification of a sovmd (about 80-90 Hz) prevents, and it can avoid giving the operator 
of vehicles sense of incongraity 

[0045] Moreover, according to the suction system of the intemal combustion engine of claim 4, if it is when an 
intemal combustion engine is in the medium-speed rotational frequency region 3500 regularly used at the time of 
acceleration - near the 4000rpm, the resonance supercharge effect is demonstrated suitably, an output torque can 
be raised certainly and the intemal combustion engine is carried in vehicles, the acceleration nature near the 3500 
- 4000rpm of the intemal combustion engine used abundantly can be raised very good. 

[0046] on the other hand, it is based on vibration of inhalation of air in case an intemal combustion engine is in a 
low-speed rotation numerical range (2500rpm near [ For example, a four-cycle 4-cylinder engine ]) - unpleasant 
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— it is filled, amplification of a sound is prevented and it can avoid giving the operator of vehicles sense of 
incongruity Moreover, according to the suction system of the internal combustion engine of claim 5, since it is set 
as the range of 1.51. or more and 6.01. or less, capacity can make resonance equipment compact, without 
enlarging capacity of a resonant chamber, and can raise the resonance supercharge effect in the specific rotational 
fi-equency region of an internal combustion engine. Therefore, when the internal combustion engine is carried in 
vehicles, the good resonance supercharge effect can be acquired, without enlarging an engine room. 
[0047] According to the suction system of the intemal combustion engine of claim 6, the opening of the opening 
is carried out circularly. Moreover, a opening size Since it is set as the range below the diameter of circle which 
has two thirds of the area of the maximum cross sectional areas, such as a diameter of 30 millimeters or more, 
and a surge tank, according to capacity Even if it does not enlarge capacity of a resonant chamber and does not 
enlarge the opening size of a opening according to the capacity of a resonant chamber, the resonance supercharge 
effect in the specific rotational frequency region of an intemal combustion engine can be raised. Therefore, when 
the intemal combustion engine is carried in vehicles, the good resonance supercharge effect can be acquired, 
without enlarging an engine room. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The suction system of the internal combustion engine characterized by to have resonance equipment 
which is coimected with an inlet manifold which connects between a surge tank formed between an inhalation-of- 
air path to which inhalation of air to an internal combustion engine is led, and said intemal combustion engine 
and said inhalation-of-air path, and each gas column of said intemal combustion engine and said surge tanks 
through opening at an inhalation-of-air path of said surge tank or said siu-ge tank right above style, has a resonant 
chamber which generates inhalation-of-air resonance, and performs resonance supercharge in each of said gas 
column. 

[Claim 2] It is the suction system of an intemal combustion engine according to claim 1 which resonance 
frequency of said inhalation-of-air resonance is determined based on the cylinder part chief who coimects an 
inhalation-of-air path of a opening size of said opening, capacity of said resonant chamber and said resonant 
chamber, said surge tank, or said surge tank right above style, and is characterized by setting up said resonance 
frequency so that it may be in agreement with vibration frequency of inhalation of air at the time of a specific 
rotational frequency region of said intemal combustion engine. 

[Claim 3] Resonance frequency of said inhalation-of-air resonance is a suction system of an intemal combustion 
engine according to claim 1 or 2 characterized by being set up so that it may be in agreement with vibration 
frequency of inhalation of air in a specific rotational frequency region from which it was filled and separated 
from a sound generating rotational frequency. 

[Claim 4] It is the suction system of an intemal combustion engine according to claim 3 characterized by for said 
intemal combustion engine being a four-cycle 4-cylinder engine, and a specific rotational frequency region of this 
engine being near the 3500 - 4000rpm. 

[Claim 5] For said capacity, 4 is [ claim 2 characterized by being set as the range of 1.51. or more and 6.01. or less 
thru/or ] the suction system of an intemal combustion engine of a publication either. 

[Claim 6] It is the suction system of an internal combustion engine according to claim 5 which is carrying out the 
opening of said opening circularly, and is characterized by setting said opening size as a range below a diameter 
of circle which has two thirds of area of the maximum cross sectional area of said surge tank with which a 
diameter of 30 millimeters or more and said opening are prepared according to said capacity, or said inhalation- 
of-air path. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this tremslation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. hi the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

{Drawin g 1 ] It is drawing showing the outline configuration of the internal combustion engine to which the 
suction system of this invention is applied. 

[Drawing 2] It is the drawing of longitudinal section of the resonator which meets the A- A line in drawin g 1 . 
[Drawing 3] It is the cross-sectional view of the resonator which meets the B-B line in drawing 2 . 
[Drawing 4] It is drawing showing the relation between the capacity VR of a resonator, and the engine rate of the 
improvement in an output torque. 

[Drawing 5] It is drawing showing the relation between the diameter DR of a opening of a resonator, and the 
engine rate of the improvement in an output torque. 

[Drawin g 6 ] It is drawing showing the relation of the engine speed Ne of an intemal combustion engine and the 
engine output torque to which the suction system of this invention is applied. 
[Description of Notations] 

1 Intemal Combustion Engine (Foiur-Cycle 4-cylinder Engine) 

2 Engine 

4 Intake Manifold (Inlet Manifold) 
6 Branch Pipe 
10 Surge Tank 

1 4 Inlet Pipe (Inhalation-of- Air Path) 
16 Cylinder Part 

19 Opening Edge (Opening) 

20 Resonator (Resonance Equipment) 
22 Resonant Chamber 

24 Cylinder Part 

28 Opening Edge (Opening) 

30 Tube 

[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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3 5Hz) {C^3V^■r|5)^b^^DSf SJ;atC^nT;J3>), CI 
©^tnilll«ii(f R^ca^^,^T±f3MPgDR. ggVR^fc 
t>':^^LR(±IS:^$nTV>2,. laPgDR. gfS 
VRSU^«^LRJ±. m^®i>i^>|51fei!5Nel (^Jx 

4 0 0 Orpm) {C:feVNT(*:|l=!aj^*St) A»t:±# 

»Netfm^©a:>i;>I5IteSjNel (fi?yx«> 4 0 0 Or 
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rnl±f SCttCJ&So tats. m^®J^>i^>t5]tg|KNel 
li. 3000~5000 rpm. ^$(C 3500-4000 

[0 0 2 9] E4Sr#^t-i)i:^ J^>i^>lH]te?SNel 
4 0 0 0rpm) U'J:^—}'2 0<D 

1 («?iJx.«. 2 .t ^)4):;*c^v^^fflT•^i^ IB:*; 10 

vBi au^'h^b) iKv^{i-enw±4:$nT43 

M^SA^e.l'^^'^-^J' 2 0^:®;t7/J^$<■|-'^<, 2'J';/h 

So 

[0 0 3 0] Sfc. I2|5 5#f53-r5i:. Ji>i?>[lltei!t 
Nel (^J^K> 4 0 0 Orpn) UV^^— ^5' 2 0® 

f8igB2 4©raPSDEttil*; b;u^|qI±*i:CDil^As^ 

gDEASRjf^MPSDRl mXt£. 4 5 mm) ») 4)::*;^ 

^T?feS. tSoTx CClT-a:^ ±I3RlPgDB{i. 

a. m^^PSDRl (ms. 4 5mm) i£fi|^:$^^TV^ 

S. {Bb, CCggPgDRttgiSVRlCJSDT^'fb^St) 30 

B:^ m^i£. V^—i^-S'>i7 1 0O«l»fia«©2/3©Bf 
[0 0 3 1] *c^\ b^/^-^ 2 0©fl^li. cc:^c^^ 

ffl0!li:LT«%)^!f*UV^B7C$Sffl{i. 1^— J^<$'><5' 1 0 
©^fiVRtfl. 8~3. 0 U y hMMS-X-ibi). 
SPSDR*S3 5~5 0mmSa-r$)-5. 
[0 0 3 2] WT. ^:©J:dfc«fig*nfel!SM^gOf-^ 40 

Rtai* h;ui^iqj±^svrapSDHi:ai* f-;i/^iqi±^ 

BS— ^*:^c^^^f^^H!»40iSv^■9— i^^'V^ 1 OtcSlftIt 
fc«lJ5eow^>^^-^2 0 (Sl«i) T-J4^ ii^3lE©J;dJcj^ 
>i^>*<*:2ipe)eirabfe;^D-:^ h;u>'t;i/7'0±tSffl!)0 
iR^gl 4lcgiM{tt;ffifig0.uy^-^' (-;i^mi^) J; 50 
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?) 4)^i>55:^^§flVRao/J^$V^igpgDR^C UTS»?&:« 

[0 0 3 3] i»£oT^ Z(DXolZ. U'J^—^2 0t:V- 
—i^^yi? 1 0{ci5i/^tiS{c:bTPi!ltt©igv>'9-— 5^^> 

a»*e?^i®iai&3ia»« * ^ s ^ t * qitg t 5 ® -r- 

fe?><, U'V^— ■J' 2 0i4'i:>-rut)-t^— f^iJ' >i7 1 

0 tgX{tJt5Ec < X ^•^—i>i' >^ 1 0 0±iS{PJ|©igi^ 

2 0B:;^D«;; h;i/yVi/r®TM{W{cBi^ttt'E>nx b*» 

5Jft{t(5iBSU^^®TiS{B!lSiMaE§{±. -y— i^^$'> 
^J- 1 0i:l5i«{cigHai**f*4{CJ:»)«lfiK-r-5^i:A^iif*U 
t^o $t>{c:, ;^D?/ ^;wt;^:r±lSffl9®liR^ES*s■y— 
>'^' 1 0^;^D >v h;w^;i/rT85^®qS^3lBSi;a 

f^bT®ffl^4(cls^^^^Tv^?.»■^^-{±. i^-^y^— ^2 

Ott, >£HA»S^H!H4®::^Dy h;i/>'VU7'±i^{i!)®i!S^jl 

[0 0 3 4] E16$#MfSi:. t^— i^^J'Vd^l 

0K:±f3vy;?:— ^ 2 0:&lHft»tfca-&O^>i^>|l]te 
ISItNei:tB;t3h;i/^i:®||^As||$i-r-5^^n. —^5. iig 

izu^j^-^ t:mt\ftzm-^(Dm^*^m.mx-7n:^tixr,^ 

NeAsm^®^>i^>Ielte?SNel (^J;t«. 4 0 0 Orp 
m) 3£^®i:^. IP*,. mmifitpm)$.t^^^}i^k:^x,^ 

T^>i^> 1 ®di:*; h;i'^'*^^i(f ti|oi± ltvnS C i:** 

& §«*ff -5 < Sinij^ ^ # 2> J: d 55::©-&k: o T 

[0 0 3 5] mm±i'pT&i$.lZibht^\Zis\^^X:3L 
>i^>l(Daii:}hJl^^ifi\^±T^ZiiX: J^>i;>|5ie 

»NeASiis < mmifii^mmt^ ^ s t ^ tc^i: lt^j? ^ 

[0 0 3 6] i:C5-C-> ^mm^m.fR<Dw/^X' 
I4> EE;^7TS®^^<^ffl^ci-DTff:^M16A^i«'>-ri>MfRl 

flff«®ac>i^>Iltefg!(Nel («»Jil«. 4 0 0 0rpn) J; 
t» *)<g<fH43a!^^8)«®>feV> 2 5 0 0 rpmia6l®^J^> 

m*>mmifiisM.mz:^^ t^izti\,^xii. m^fmtjhjv 

lit. 4)i:'&i:?E^«:m:^ h;i/^7iif#c,nsJ:dtai>i? 

> l®i^1tAS|§^^iXXV^.5„ iKtC. :i®{Sii^:^t*3 

[0 0 3 7] ip-fe, *ll5£«?!l®J;-5«c. tSF*giSltS;tf V 

<to^::*D3^^KB®j^^E^3^^^'>{S6As^£<:fev^7^:i?) 
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-;KZ)is^H:. fsi*iieiirsji>i?>k:pf,n-ra«©5jf 

[0 0 3 8] miZ. ai>i^>lilteg!{NeAS2 5 0 Orprnffi 

e*j:>i'>llltelSNel 4 0 0 Orpm) it^lc 

^ff^F-^, 2 5 0 0rpiiii£«&TO#R8S«)iS,}:^{c-r 
tit£. C©J:d'&^'R5fec*)t)« (8 0~9 OHzSS) 

[0 0 3 9] Jii±i¥«ffl{ci5iBjufcJ:5K:. *^B§©Pifc^ 
WT-tt. vy;?^— tS' 2 0:&. 3i>i^>2|i:f*;2i: 

^4ffllgv^■t)--i;^><> 1 OC, t) ^^BJtt©?* tS#A^ 
e>^ei)f=-i— P^3 0^cJ:^)^M■r•5J;^^c:bTV^;5. tie 
oT^ W;^— ^ 2 osiFt)-— i^ii'V^ 1 Ort©airo 

[0 0 4 0] CtlfCtt). ^>>'>|5]te»NeASRjT^© 
:t>i;>(D]eiglNel 4 0 0 Orpm) ffifig©^ 

^ff C jts ^ ^©JidS^ «SK{c IIS6-r i d «c 4^^^ 

[0 0 4 1] ^tliSjS$&Srff^^>2^>lsIfe^N 
e^*jlglH]telSi^T-feSfi)T^©rt>i^>[HieifcNel (M 
Xit. 4 0 0 Orpm) i£^{c*T-3lt±»f 
t), m^li£. 2 5 0 OrpmiSei) T-Oft 

±s3iijs«?!i©qs^^BT-ttx wt>nf^mm 
mnv >; >ji>s;>oEf jSEitess^ (fi^j^jf , 3000 

~5 00 Orpm) © h;i/-^7'>v7"S:±lf SdtSrgWi: 
bTUVf^-<5' 2 0SiS;»t?.idt3bTV->^, L*^b'5: 

— T 7}x— ;i/ F 4 ©JK« i£ h r 7"$ -e- 5 ^ 

<aS;«b^ 'i^^mmmM^mMmmmm ~3 

0 0 Orpm) ^fcttiSiSOftSi:!^ (^J^K> 5 0 0 Orp 



1 0- 1 8 8 4 9 

10 

m~) i: bTfgj^J^sSVMiiSiSJ^© h;i/^7'>;'7'SES 
uy^-i' 2 OSriSltS J:dt:bT*»J:v>o z.<oii 
i»^lslte|g5:^ttci* t)W®^4b'5:ir->laIlESSj^T'Jfe • 

[0 0 4 2] 

[^?8©J»«] W±s ffaBJc:SftB^bfeJ:^{^. ^^BJ© 
W3?JSl®rtMj^>i^>©lK^^S{cj;n«, l^^^^> 
i;>-^©BS^S:#<®^aS§i:. rtj^Ji>i>>fci!a^il 

Ktv •9--S^^J'><>*:ttti!SmaS§(c:g8PgB^;fhbT^ 

■5t:b*:©T:% •9--$^^J'>;^rt©l»^©lSI&K:/ic5bTW 

>©^^®©?S^^AS|qI±-r-5©T-$.i>*s. ^^DI^M 

CfctN ^-7h— ;i/KrtT*^5fe-t5K^©ffilft&T::^:*; 
— ;i/ b--?>1t— S^^ >^ [*!T-M«$-a-5 d < ^^D^^^ 

[0 0 4 3] ^fe. B»^lB2©F«3iSat>i^>©liS^^a 
It^HfelS:^© i: #Oi!S^©ffil&ISi:-S(-r -5 J: 3 tciS 

^^h,-cv>soT% .^lt^IateSc^t43v^TttnJlia^f&^aIS 
tfeoxtt^ w©4*^[Hite3gc^ m^ks.. ^mM^m. 

[0 0 4 4] ifa?«3©l*l«SJi>S^>©Dii^^e 

t)|«^-r«.T'K>S:c:t) Dif (8 0~9 0HzSjg) Oti^a 
^B6±bT, »iS©3lte#K:3tW!S<&-^^3&v^J;dtT- 

[0 0 4 5] ^3cJa4©|*|*Ka:>i;>CD®^^e 
HJ:n«s [^*8Jt>i;>AsjDiS^c^ffi$jL53 5 0 0 
~ 4 0 0 0 r p mj5^©f igElte^JiJc: 5 1 # tc^^l® 

i®-g-lc:feoTtts #ffl$ni)F«3/^3i>$;>©3 5 0 0~ 
4 0 0 0 r pmiSfigf®ADiiiS*8i«)Tft»{c|ei±$-e- " 
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[0 0 4 6] -15. nm:^yi^:yi^mmMmm, 

ff. i7;u4MM:t>i?>-r-tt2 5 0 0 r pmiE 

^Stt, 1 . 5 u b;ujei±Mo6 . 0 'J 
*R jc> > Ol^^DteatiSJT- Oft RSjSi|&i5!i^ 4 [aj± $ # 

[0 0 4 7] ifc, IS3di«6©|^«S3i>s;>CDI!R^e 

< b:fe<T*>rt/^:ii>v'>©!?t^llteiS!(^T-©«HiiiilS 

g < t-S CI ii*; < ^»«:fti®M$S3ia;^?SElf 5 d *ST- 1 
[0a©®**;i5£B^] 

[01] *^B^©ISiM^e*5jSffl ^ n 5 > 2? > © 

[Sll] 



1 
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[02] mi^<oh-hu\zmov^j^—^(Dm^mm 

[US] E12tj3©B-Bi^t3t&^U'y4.— ^'©Ml^ffiEl 

[04] i^y*— ^'©g:avRt3^>>?>©tt5:t» h;bi' 

[05] L'y^ — ;J'©PaPSDRi:Ji>i?>©{±J;t» h;!/ 
^7 |pl±* i: ©H^ Sn^N-r 0T- 5 . 
[0 6] *^B^©P2i^^®ASiaffl$n.S(*|j^ai>i;>© 

^^■r0T•afe■i>o 
[?f^©iJJB^] 

1 nm^j^yi^i^ (4-9-1' ^';i/4^fgjc>i>» 

2 Ji>i?>2ls:<$: 
6 ^llg^g 

10 ^—vi^^i^ 

1 4 iK^lf (qSMiliS) 

1 6 IS^ 

1 9 MOig (ilPgp) 

2 0 UV^^-^J' (ftmSS) 
2 2 ftHS^ 

2 4 faas 

2 8 l§P^ (UPgC) 

3 0 — r . 



[02] 
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^mW- 1 0-1 8 8 4 9 



[S3] [04] 




^y;^-9Wa<£0R (mm) Xi^iJi'lUtstt Ne (rpm) 



